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and in the Japanese Patent Office (application 2000-213748, filed 14 July 2000). The 
European patent application, which contains the identical disclosure as the present 
application, was published on 17 January 2001 as EP 1 069 095 A1 (copy attached). 
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SECRECY ORDER 

35 U.S.C. §§181-188 
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Tramcmarks (see 37 CFR §5.5). 

• i ivaiinn or disclosure of the subject matter of this patent application may 
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result in abandonment of the application (35 U.S.C. ^ *™ a * 
puWilhing or disclosing the subject matter to the penalties of 35 U.S.C. §186. 
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The subject matter of this application must be safeguarded under cond.Uons that will prov.de 
adequate protection and prevent access by unauthorized persons. When cop.es of the subject 
matter are no longer needed, they should be destroyed by a method that wll prevent 
disclosure of the contents or reconstruction of the document. 

The subject .natter of this application may not be disclosed to any person except as authorized 
herein without written modification of this Secrecy Order by the Commissioner ofPatents & 
Trademarks. 

Any other patent application already or hereafter filed in the U.S. or any foreign country 
which contains any significant part of the subject matter of the above-identified paten 
application also falls within the scope of this Order. If such other patent application is not 
currently under a Secrecy Order imposed by the U.S. Patent and Trademark Office, it and the 
common subject matter must be brought to the immediate attention of: 

Director, Special Laws Administration 
Attention: Licensing and Review 
U.S. Patent and Trademark Office 
Washington, D.C. 20231. 

This Order should not be construed in any way to mean that the U.S. Government has adopted 
or contemplates adoption of the invention disclosed in this application and it is not any 
indication of the value of such invention. Additionally, this Order is not an indication in and 
of itself that the subject matter of this application is or should be classified. 

This Secrecy Order was recommended to the Commissioner of Patents & Trademarks by the 
following sponsoring defense agency: 

( ) ARMY ( ) NAVY ) AIR FORCE 

Questions regarding the reasons for imposing this Secrecy Order should be directed to the 
sponsoring defense agency. A contact for each defense agency is attached. Questions 
regarding the substantive examination of the patent application should be directed to the 
patent examiner, and questions pertaining to the administrative handling of the application or 
the Secrecy Order should be directed to the Licensing and Review Branch of the Patent & 
Trademark Office. 

Permit for Disclosing to Government Employees and Other Specified Persons 

("Permit A") 

The principals designated in this Order are authorized to disclose the subject matter to any 
person of the classes hereafter specified if such person is known to the principal disclosing to 
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A solid rocket propellant includes a binder that is a linear 
block co-polymer of caprolatone and tetramethylene ether 
and an oxidizer. The propellant may be disposed of by 
contacting it with an aqueous solution of 12 N NaOH or 6 
N HC1 at a temperature of about 140° F. for about 24 hours 
to decompose the binder. Solids remaining in the solution 
after the binder decomposes are removed. 
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SOLID ROCKET PROPELLANT 
TECHNICAL FIELD 

The present invention is directed to a solid rocket pro- 
pellant. 

BACKGROUND ART 

Solid rocket prope Hants typically comprise an oxidizer, a 
fuel, a variety of additives, and a binder that holds the 
propellant together. Typical oxidizers include ammonium 
nitrate, ammonium dinitramidc, ammonium perchlorate, 
potassium perchlorate, and other compounds known in the 
art. Typical fuels include aluminum powder, boron, and 
beryllium. Typical binders include nitrocellulose, hydroxy 
terminated polybutadiene, butadiene terpolymer, 
polybutadiene-acrylic acid-acrylonitrile, carboxyl termi- 
nated polybutyidiene, polyesters, polyethylene glycol, poly 
tetramethylene glycol and other compounds known in the 
art. Typical additives include plasticizers such as n-butyl 
nitratoethyl nitramine, trimethylolethane trinitrate and iso- 
decyl pelargonate, dioclyl adipate; burning rate modifiers 
such as iron oxide and carbon; combustion stabilizers such 
as zirconium oxide; antioxidants such as n-methyl nitroa- 
niline and 2,2'-Methylene-Bis-(4-Methy 16-Tert- 
Butylphenol) (available as AO-2246 from American Cyana- 
mid Company, Parsippany, NJ); curing agents such as 
dimeryl diisocyante, isophorone diisocyanate, and Desmo- 
dur<B> N-100 (available from Bayer Corporation, Pittsburgh, 
PA); curing catalysts such as iriphenyl bismuth and dibu- 
tyltin dilaurate; and acoustic suppressants such as silicon 
carbide. 

Solid rocket propellants can be tailored to specific appli- 
cations by varying their formulations. Although preliminary 
work on new formulations can be done in a laboratory with 
small quantities, testing and large scale demonstrations are 
typically required before a new formulation is accepted for 
military or commercial use. As a result, propellant develop- 
ment programs often generate considerable excess inventory 
of propellant. Production programs also generate excess 
inventory or off specification material. Finally, excess pro- 
pellant is generated when rocket motors are periodically 
reraanufactured to replace aging propellant with fresh pro- 
pellant. In all cases, the excess inventory or off-specification 
material must be disposed of safely. Historically, open air 
incineration was the preferred disposal method. 
Increasingly, however, open air incineration is becoming 
environmentally unacceptable. Therefore, what is needed in 
the industry is a solid rocket propellant that can be disposed 
of with environmentally acceptable techniques. 

DISCLOSURE OF THE INVENTION 

The present invention is directed towards a solid rocket 
propellant that can be disposed of with environmentally 
acceptable techniques. As a side benefit, main components 
of the propellant can be recovered for reuse. 

One aspect of the invention includes a solid rocket 
propellant that includes a hydroxy-terminated caprolactone 
ether binder. 

Another aspect of the invention includes a method of 
disposing of a solid rocket propellant. A solid rocket pro- 
pellant that includes a hydroxy-terminated caprolactone 
ether binder and one or more solid compounds disposed in 
the binder is contacted with a solution capable of hydrolyz- 
ing the binder to binder to form hydrolyzed caprolactone and 
poly(tetramelhylene ether),. Solids remaining in the solution 
after the hinder hydroly/es are removed. 



30 
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These and other features and advantages of the present 
invention will become more apparent from the following 
description. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention includes a full range of solid rocket 
propellant formulations, including minimum smoke 
propellants, reduced smoke propellants, and metalized pro- 
pellants. The common element in all aspects of the present 
invention is the use of a hydroxy-terminated caprolactone 
ether (HTCE) polymer as a binder to hold the solid con- 
stituents of the propcllant of the present invention together. 
As a result, the propellant of the present invention comprises 
at least one solid compound, for example an oxidizer, 
dispersed in an HTCE binder. For purposes of this 
application, HTCE is a linear block co-polymer of capro- 
lactone and tetramethylene ether. Preferably, HTCE will 
have a molecular weight of about 2000 units to about 4200 
units. At typical HTCE may have an OH value of about 56 
mg KOH/g, an acid value of less than about 0.1 mg KOH/g, 
and a melting range of about 86° F. to about 95° F. The 
preferred HTCE is a waxy solid at room temperature and is 
a liquid at typical propellant processing temperatures of 
120° F. to 140° F. HTCE is commercially available from 
Solvay Inlerox, Inc. (Houston TX) as part of Solvay's 
CAPA© line of polycaprolactones. The HTCE binder may 
make up about 4 weight % to about 10 weight % of the 
propellant of the present invention. 

Minimum smoke propellants of the present invention 
include an HTCE binder and a chlorine-free oxidizer. Suit- 
able chlorine-free oxidizers include ammonium nitrate 
(AN), ammonium dinitramide (ADN), n it ra mines such as 
cyclotrimelhylene trinitramine (RDX) and cyclotetramelh- 
ylene lelranitramine (HMX), and other chlorine-free oxidiz- 
ers known in the art. A minimum smoke propellant may 
comprise about 45 weight % to about 75 weight % of the 
oxidizer. If desired, the propellant also may include one or 
more nitrate ester plasticizers such as n-butyl nitratoethyl 
nitramine (BuNENA), trimethylol ethane trinitrate 
(TMETN), triethylene glycol dinitrate (TEGDN), and other 
nitrate ester plasticizers known in the art for additional 
energy. Plasticizers may make up about 6 weight % to about 
18 weight % the minimum smoke propcllant. Minimum 
smoke propellants of the present invention may. have a 
theoretical specific impulse of more than 230 lb^ sec/lb„, 
with an AN oxidizer and more than 260 lt:y sec/lb m with an 
ADN oxidizer. Such propellants may be useful in tactical 
applications where a visible exhaust is undesirable because 
it would expose a rocket's firing position. 

Reduced smoke propellants of the present invention 
include an HTCE binder and a chlorinated oxidizer. Suitable 
chlorinated oxidizers include ammonium perchlorate (AP), 
which may make up about 65 weight % to about 86 weight 
% of a reduced smoke propellant. If desired, the propellant 
also may include one or more energetic plasticizers such as 
BUNENA, TMETN, and TEGDN or fiicl plasticizers such 
as dioctyl adipate (DOA) or isodecyl pelargonate (I DP). 
Plasticizers may make up about 5 weight % to about 12 
weight % of the reduced smoke propellant. Reduced smoke 
propellants of the present invention may have a theoretical 
specific impulse of more than 244 lb^ sec/ lb„ ( with an AP 
oxidizer. Such propellants may be useful in tactical 
applications, such a air-to-air applications, where a small 
amount of visible exhaust is tolerable as long as the exhaust 
does not obscure an operator's field of view. 

Metalized propellants of the present invention include an 
HTCE binder, metal fuel, and an oxidizer. Suitable metal 
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fuels include aluminum, boron, and other metal fuels known 
in the art. The preferred metal fuel is aluminum. The metal 
fuel may make up about 15 weight % to about 24 weight % 
of the melalized propellant. Suitable oxidizers include AP, 
AN, ADN, HMX, RDX, and other oxidizers known in the 5 
art. The oxidizer may make up about 45 weight % to about 
75 weight % of the metalized propellant. If desired, the 
propellant also may include one or more energetic 
plasticizers, such as TMETN or TDGDN, or fuel 
plasticizers, such as DO A or I OP. Plasticizers may make up 30 
about 5 weight % to about 12 weight % of metalized 
propcllants of the present invention. Metalized propcllants 
of the present invention may have a theoretical specific 
impulse of more 263 lb^sec/lb,,, with AP oxidizer and 268 lby 
sec/lb m with ADN or HMX oxidizer. Such propellants may J5 
be useful in applications for which high energy content is 
desirable and for which visible exhaust is not a problem. 

The HTCE binder of the present invention can be cured 
with a variety of curing agents including di-functional 
isocyanates such as isophorene diisocyante (IPD1), dimeryl 2 o 
diisocyanale (DDI), bis-(4,isocyanatocyclohexyl) methane 
(Desmodur®-W, available from Bayer Corporation, 
Pittsburgh, PA), and other di-functional isocyanates; and 
poly-functional isocyanates such as aliphatic isocyanates 
made by the homo-polymerization of hcxamethylene 2 5 
diisocyanate, including Desmodur® N-100 and Desmodur® 
N-3200 (both available from Bayer Corporation), and other 
poly-functional isocyanates. 'ITie curing agent may make up 
as much as about 2.75 weight % of the propellant. A 
cross-linker may be desirable when di-functional isocyan- 30 
ates are use as curing agents. Preferable cross-linkers 
include tri-functional and tetra-functional hydroxy termi- 
nated caprolaclones, such as CAPA® 310 and CAPA® 316 
(available from Solvay Interox, Inc.). The cross-linker may 
make up as much as about 2.0 weight % of the propellant of 35 
the present invention. A cure catalyst such as triphenyl 
bismuth (TPB), dibulyllin dilaurate (DBTDL), or similar 
cure catalysts may be used to speed the cure reaction. 
Typical amounts of TPB in the propellant range from about 
0.01 weight % to about 0.05 weight %. Typical amounts of 40 
DBTDL range from about 1 PPM by weight to about 6 PPM 
by weight. HTCE may be cured under conditions typically 
used in the industry. For example, HTCE may be cured at 
temperatures of about 120° F. to about 140° F. for times 
ranging from 3 days to 2 weeks. 45 

The propellant of the present invention also may include 
stabilizers, acoustic suppressants, burner rate modifiers, and 
other additives. For example, propellants of the present 
invention may include up to about 0.5 weight % of one or 
more stabilizers, such as N-methyl-p-nitroanaline (NMNA), 50 
2-nitro diphenylamine (NDPA), or other stabilizers known 
in the art, to extend their useful lives. Stabilizers may be 
particularly useful in propellants that contain nitrate ester 
plasticizers. The propellants also may include up to about 
0.5 weight % of an acoustic suppressants such as silicon 55 
carbide or zirconium carbide. Burn rate modifiers, such as 
carbon black and/or lead compounds including lead citrate, 
may be included in the propellant of the present invention in 
amounts up to about 0.2 weight %. Iron oxide can be used 
as a burning rate modifier in formulations without energetic 60 
nitrate ester plasticizers in amounts up to about 2 weight %. 

By varying the formulation, bum rates for the propellant 
of the present invention may be tailored for numerous 
applications. Burning rates have been observed as low as 
0.18 in/sec and as high as 0.34 in/sec at 1000 psi for 65 
formulations without any burning rate modifiers. Pressure 
exponents were between 0.3 and 0.4. The ranges of burning 



rates and pressure exponents may be expanded by using 
various additives and curing catalysts discussed above. It 
should be possible to formulate metalized propellants with 
iron oxide burning rate catalyst that have burning rales as 
high as 0.75 inisec at 1000 psi. 

The mechanical properties of the HTCE binder, such as 
modulus, tensile strength, and elongation, also may be 
tailored for particular applications. For example, the modu- 
lus may be varied from about 300 psi to about 700 psi, the 
tensile strength may be varied from about 75 psi to about 
150 psi, and the elongation may be varied from about 30% 
to about 150% of the propellant of the present invention. 
One way to adjust the mechanical properties of the binder is 
to vary the isocyanate/hydroxyl (NCO/OH) equivalent ratio. 
For example, the NCO/OH equivalent ratio may be varied 
from about 0.95 to about 1.20. Another method is to add 
about 0.1 weight % to about 2.0 weight % of a tri-functional 
or tetra-functional hydroxyl-terminated caprolactone to the 
formulation as a cross-linker in the propellant. The cross- 
linker promotes cross-linking within the HTCE co-polymer 
structure. Suitable cross-linkers include tri-functional and 
tetra-functional hydroxy terminated caprolaclones, such as 
CAPA® 310 and CAPA® 316 (available from Solvay 
Interox, Inc.). 

Once a specific formulation is chosen, the ingredients are 
mixed in an explosion proof mixing vessel according to 
industry practices to create an uncured propellant. The 
uncured propellant may be loaded into a rocket casing or 
other container by known casting techniques and cured 
under suitable conditions. For example, the propellant of the 
present invention may be cured at temperatures of about 
120° F. to about 140° F. It may take about 3 days to about 
14 days to cure a balch of propellant of the present invention. 
Samples of the cured propellant may then be tested let 
confirm the properties. The final product would then be 
ready to deliver to the customer. 

Over time, quantities of propellant that require disposal 
may be accumulated as a result of off-specification mixing, 
excess production, natural degradation of the propellant, 
obsolescent propellant or missiles being removed from 
service, and similar events. In the past, such propellant was 
typically disposed of by open air incineration. Propellants of 
the present invention, however, may be disposed of by 
hydrolyzing the HTCE binders in the propellant. The ester 
linkage in the caprolactone in the HTCE binder provides the 
site for hydrolysis. The polyether linkage in the HTCE 
binders increase the hydrophilicity of the cured binder 
toward aqueous acidic andlor basic solutions. Thus, the 
polyether linkage is more resistant to hydrolysis that the 
ester linkage. 

To dispose of propellant of the present invention by 
hydrolysis, the propellant may be reduced in size to facilitate 
handing and increase surface area for the reaction. While no 
particular size reduction is required, preferably the propel- 
lant will be reduced to pieces of no more than about 0.5 inch 
in any dimension. The propellant is then mixed with a 
solution capable of hydrolyzing HTCE. For example, HTCE 
may be hydrolized in an acidic aqueous solution of 6 N HC1 
(hydrochloric acid) or a basic aqueous solution of 12 N 
NaOH (sodium hydroxide). One skilled in the art will 
recognize that solutions with different compositions and 
concentrations would work as well. Preferable, the hydroly- 
sis will be conducted at an elevated temperature, for 
example about 140° F., for a sufficient time to completely 
hydroly/e the HTCE. Agitation can speed the hydrolysis 
reaction. By selecting appropriate conditions, hydrolysis can 
be completed within about 24 hours. As a result of the 
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hydrolysis reaction, the HTCE binder will decompose into 
water soluble, environmentally benign compounds such as 
hydrolyzed caprolactone, typically w-hydroxyl caproic acid, 
and poly(tetramethylene ether) that may be recycled. Solids 
that were in the propellant, for example the oxidizer and 
other solids, may be recovered and recycled for use in other 
propellants. Aluminum may be recovered as aluminum 
oxide. The ability to recover and reuse the solids, which may 
make up 85 weight % or more of the propellant, greatly 
reduces the environmental impact of disposing of propel- 
lants of the present invention, The residue of hydrolysis that 
cannot be recycled may be disposed of in a suitable landfill 
without any environmental harm. 

The following examples demonstrates the present inven- 
tion without limiting the invention's broad scope. 

EXAMPLE 1 

To demonstrate the present invention, several propellants 
were formulated using a HTCE binder. The table shows the ^ 
compositions, mechanical properties, and where available 
burning rate and pressure exponent data. 

TABLE 





Propellant 
A 

Metal ized 


Propellant B 
Metal ized 


Propellant C 
Reduced Smoke 


HTCE binder (MW - 2000) 


8.80 


4.21 


6.21 


CAPA ® 316 cross-linking 


0.18 


1.05 


1.04 


agent 








Diocytal adipate (DOA) 


4.84 






plasticizer 








n-butyl nitratoethyl 




15.54 


10.65 


nitramine (BuNENA) 








plasticizcr 








n-melhyl nitroanaline 




0.50 


0.50 


(NMNA) stabilizer 








trip he ny) bismuth (TPB) 


0.05 


0.05 


0.05 


cure catalyst 








silicon carbine (SiC) 






0.50 


acoustic suppressant 








carbon (C) black burning 






0.20 


rate modifier 








dimeryl diisocyante (DDI) 


3.13 


2.50 


3.40 


curing agent 








ammonium perchlorate 


63.00 


56.00 


77.20 


(AP) oxidizer 








aluminum (Al) fuel 


20.00 


20.00 




modulus, psi 


623 


100 


383 


tensile strength, psi 


92 


29 


45 


elongation, failure % 


65 


43 


20 


burning rale, in/scc @ 




0.28 


0.26 


10(10 psi 








pressure exponent 




0.39 


0.36 
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EXAMPLE 2 

A 2.0-gram sample of cured HTCE gum stock was cut 
into small pieces of no more than 0.5 inch in any dimension. 
The cut pieces were placed in a beaker containing 50-ml of 
12 N NaOH aqueous solution. The solution was stirred with 
a magnetic stirrer and heated on a hot plate. The reaction 
temperature was kept at 60° C. At the end of reaction, about 
24 hours, all solid gum stock dissolved and some oil droplet 
suspension was visible. These results indicate that the HTCE 



binder may be hydrolyzed as part of a method of disposing 
of a propellant of the present invention. 

The invention is not limited to the particular embodiments 
shown and described herein. Various changes and modifi- 
cations may be made without departing from the spirit or 
scope of the claimed invention. 

We claim: 

1. A rocket motor propellant comprising a binder that is a 
linear block co-polymer of caprolactone and tetramethylene 
ether and an oxidizer. 

2. The propellant of claim 1, wherein the linear block 
co-polymer of caprolactone and tetramethvlene ether has a 
molecular weight of about 2000 to about 4200 units. 

3. The propellant of claim 1, wherein the oxidizer com- 
prises ammonium nitrate, ammonium dinitramidc, cyclotri- 
methylcne trinitramide, or cyclotctramcthylene tctranitra- 
mine. 

4. The propellant of claim 1, further comprising a plas- 
ticizer that comprises n-butyl nitratoethyl nitramine, trirn- 
ethylol ethane trinitrate, or triethyleneglycol dinitrate. 

5. The propellant of claim 1, wherein the oxidizer com- 
prises ammonium nitrate, ammonium dinitramide, cyclotri- 
methylene trinitramide, or cyclotetramethylene tetranitra- 
mine and further comprises a plasticizer that comprises 
n-butyl nitratoethyl nitramine, trimethylol ethane trinitrate, 
or triethyleneglycol dinitrate, wherein the propellant com- 
prises about 4 weight % to about 10 weight % binder, about 
45 weight % to about 75 weight % oxidizer, and about 6 
weight % to about 18 weight % plasticizer. 

6. The propellant of claim 1, wherein the oxidizer com- 
prises ammonium perchlorate. 

7. The propellant of claim 1, further comprising a plas- 
ticizer that comprises dioctyl adipate, or isodecyl pelargo- 
nate. 

8. The propellant of claim 1, where in the oxidizer 
comprises ammonium perchlorate and further comprises a 
plasticizer that comprises n-butyl nitratoethyl nitramine, 
trimethylol ethane trinitrate, triethyleneglycol dinitrate, dio- 
ctyl adipate, or isodecyl pelargonate wherein the propellant 
comprises about 4 weight % to about 10 weight % binder, 
about 65 weight % to about 86 weight % oxidizer, and about 
5 weight % to about 12 weight % plasticizer. 

9. The propellant of claim 1, further comprising an 
aluminum or boron metal fuel. 

10. The propellant of claim 1, wherein the oxidizer 
comprises ammonium perchlorate, ammonium nitrate, 
ammonium dinitramide, cyclotrimethylene trinitramide, or 
cyclotetramethylene tetranitramine and further comprises an 
aluminum or boron metal fuel and a plasticizer that com- 
prises trimethylol ethane trinitrate, triethyleneglycol 
dinitrate, dioctyl adipate, or isodecyl pelargonate wherein 
the propellant comprises about 4 weight % to about 10 
weight % binder, about 45 weight % to about 75 weight % 
oxidizer, about 15 weight % to about 24 weight % metal fuel 
and about 5 weight % to about 12 weight % plasticizer. 

11. The propellant of claim 1, wherein the linear block 
co-polymer of caprolactone and tetramethylene ether binder 
has a melting range of about 86° F. to about 95° F. 
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Description 

[0001] The present invention is directed to a solid rocket propellant. 

[0002] Solid rocket propellants typically comprise an oxidizer, a fuel, a variety of additives, and a binder that holds 

5 the propellant together. Typical oxidizers include ammonium nitrate, ammonium dinitramide, ammonium perchlorate, 
potassium perchlorate, and other compounds known in the art. Typical fuels include aluminum powder, boron, and 
beryllium. Typical binders include nitrocellulose, hydroxy terminated polybutadiene, butadiene terpolymer, polybutadi- 
ene-acrylic acid-acrylonitrite, carboxyl terminated polybutyldiene, polyesters, polyethylene glycol, poly tetramethylene 
glycol and other compounds known in the art. Typical additives include plasticizers such as n-butyl nitratoethyl 

w nitramine, trimethylolethane trinitrate and isodecyl pelargonate, dioctyl adipate; burning rate modifiers such as iron 
oxide and carbon; combustion stabilizers such as zirconium oxide; anti-oxidants such as n-methyl nitroaniline and 2,2'- 
MethyIene-Bis-(4-Methyl-6-Tert-Butylphenol) (available as AO-2246 from American Cyanamid Company; Parsippany, 
NJ); curing agents such as dimeryl diisocyante, isophorone diisocyanate, and Desmodur® N-100 (available from Bayer 
Corporation, Pittsburgh, PA); curing catalysts such as triphenyl bismuth and dibutyltin dilaurate; and acoustic suppres- 

is sants such as silicon carbide. 

[0003] Solid rocket propellants can be tailored to specific applications by varying their formulations. Although pre- 
liminary work on new formulations can be done in a laboratory with small quantities, testing and large scale demonstra- 
tions are typically required before a new formulation is accepted for military or commercial use. As a result, propellant 
development programs often generate considerable excess inventory of propellant. Production programs also generate 

20 excess inventory or off specification material. Finally, excess propellant is generated when rocket motors are periodi- 
cally remanufactu red to replace aging propellant with fresh propellant. In all cases, the excess inventory or off -specifi- 
cation material must be disposed of safely. Historically, open air incineration was the preferred disposal method. 
Increasingly, however, open air incineration is becoming environmentally unacceptable. Therefore, what is needed in 
the industry is a solid rocket propellant that can be disposed of with environmentally acceptable techniques. 

25 [0004] The present invention is directed towards a solid rocket propellant that can be disposed of with environmen- 
tally acceptable techniques. As a side benefit, main components of the propellant can be recovered for reuse. 
[0005] In accordance with one aspect of the invention there is provided a rocket motor propellant that includes a 
hydroxy-terminated cap ro lactone ether binder. 

[0006] Another aspect of the invention includes a method of disposing of a solid rocket propellant. A solid rocket 
30 propellant that includes a hydroxy-terminated caprolactone ether binder and one or more solid compounds disposed in 
the binder is contacted with a solution capable of hydrolyzing the binder to form hydrolyzed caprolactone and 
poly(tetramethylene ether). Solids remaining in the solution after the binder hydrolyzes are removed. 
[0007] These and other features and advantages of the present invention will become more apparent from the fol- 
lowing description. 

35 [0008] The present invention provides in its various embodiments a full range of solid rocket propellant formula- 
tions, including minimum smoke propellants, reduced smoke propellants, and metalized propellants. The common ele- 
ment in all aspects of the present invention is the use of a hydroxy-terminated caprolactone ether (HTCE) polymer as 
a binder to hold the solid constituents of the propellant of the present invention together. As a result, the propellant of 
the present invention comprises at least one solid compound, for example an oxidizer, dispersed in an HTCE binder. 

40 For purposes of this application, HTCE is a linear block co-polymer of caprolactone and tetramethylene ether. Prefera- 
bly, HTCE will have a molecular weight of about 2000 units to about 4200 units. At typical HTCE may have an OH value 
of about 56 mg KOH/g, an acid value of less than about 0.1 mg KOH/g, and a melting range of about 86°F (30°C) to 
about 95°F (35°C). The preferred HTCE is a waxy solid at room temperature and is a liquid at typical propellant 
processing temperatures of 120°F (48.9°C) to 140°F (60°C). HTCE is commercially available from Solvay Interox, Inc. 

45 (Houston TX) as part of Solvay's CAPA® line of polycaprolactones. The HTCE binder may make up about 4 weight % 
to about 10 weight % of the propellant of the piesent invention. 

[0009] Minimum smoke propellants of the present invention include an HTCE binder and a chlorine-free oxidizer. 
Suitable chlorine-free oxidizers include ammonium nitrate (AN), ammonium dinitramide (ADN), nitramines such as 
cyclotrimethylene trinitramine (RDX) and cyclotetramethylene tetra nitramine (HMX), and other chlorine-free oxidizers 

so known in the art. A minimum smoke propellant may comprise about 45 weight % to about 75 weight % of the oxidizer. 
If desired, the propellant also may include one or more nitrate ester plasticizers such as n-butyl nitratoethyl nitramine 
(BuNENA), trimethylol ethane trinitrate (TMETN), triethylene glycol dinitrate (TEGDN), and other nitrate ester plasticiz- 
ers known in the art for additional energy. Plasticizers may make up about 6 weight % to about 1 8 weight % the mini- 
mum smoke propellant. Minimum smoke propellants of the present invention may have a theoretical specific impulse of 

55 more than 230 lb f sec/!b m (2255 N sec/kg) with an AN oxidizer and more than 260 lb f sec/lb m (2550 N sec/kg) with an 
ADN oxidizer. Such propellants may be useful in tactical applications where a visible exhaust is undesirable because it 
would expose a rocket's firing position. 

[0010] Reduced smoke propellants of the present invention include an HTCE binder and a chlorinated oxidizer. 
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Suitable chlorinated oxidizers include ammonium perchlorate (AP), which may make up about 65 weight % to about 86 
weight % of a reduced smoke propellant. If desired, the propellant also may include one or more energetic plasticizers 
such as BuNENA, TMETN, and TEGDN or fuel plasticizers such as dioctyl adipate (DOA) or isodecyl pelargonate 
(IDP). Plasticizers may make up about 5 weight % to about 12 weight % of the reduced smoke propellant. Reduced 

5 smoke propellants of the present invention may have a theoretical specific impulse of more than 244 Ibf sec/lb m (2393 
N sec/kg) with an AP oxidizer. Such propellants may be useful in tactical applications, such a air-to-air applications, 
where a small amount of visible exhaust is tolerable as long as the exhaust does not obscure an operator's field of view. 
[0011] Metaiized propellants of the present invention include an HTCE binder, metal fuel, and an oxidizer. Suitable 
metal fuels include aluminum, boron, and other metal fuels known in the art. The preferred metal fuel is aluminum. The 

10 metal fuel may make up about 15 weight % to about 24 weight % of the metaiized propellant. Suitable oxidizers include 
AP, AN, ADN, HMX, RDX, and other oxidizers known in the art. The oxidizer may make up about 45 weight % to about 
75 weight % of the metaiized propellant. If desired, the propellant also may include one or more energetic plasticizers, 
such as TMETN or TDGDN, or fuel plasticizers, such as DOA or IDP Plasticizers may make up about 5 weight % to 
about 12 weight % of metaiized propellants of the present invention. Metaiized propellants of the present invention may 

15 have a theoretical specific impulse of more 263 ib f sec/lb m (2579 N sec/kg) with AP oxidizer and 268 lb f sec/lb m (2628 
N sec/kg) with ADN or HMX oxidizer. Such propellants may be useful in applications for which high energy content is 
desirable and for which visible exhaust is not a problem. 

[001 2] The HTCE binder of the present invention can be cured with a variety of curing agents including di-f unctional 
isocyanates such as isophorene diisocyante (IPDI), dimeryl diisocyanate (DDI), bis-(4,isocyanatocyclohexyl) methane 

20 (Desmodur®-W, available from Bayer Corporation, Pittsburgh, PA), and other di -functional isocyanates; and poly-func- 
tional isocyanates such as aliphatic isocyanates made by the homo-polymerization of hexamethylene diisocyanate, 
including Desmodur® N-100 and Desmodur® N-3200 (both available from Bayer Corporation), and other poly-func- 
tional isocyanates. The curing agent may make up as much as about 2.75 weight % of the propellant. A cross-linker 
may be desirable when di-functional isocyanates are use as curing agents. Preferable cross-linkers include tri-func- 

25 tional and tetra-f unctional hydroxy terminated cap ro lactones, such as CAPA® 310 and CAPA® 316 (available from 
Solvay Interox, Inc.). The cross-linker may make up as much as about 2.0 weight % of the propellant of the present 
invention. A cure catalyst such as triphenyl bismuth (TPB), dibutyltin dilaurate (DBTDL), or similar cure catalysts may 
be used to speed the cure reaction. Typical amounts of TPB in the propellant range from about 0.01 weight % to about 
0.05 weight %. Typical amounts of DBTDL range from about 1 PPM by weight to about 6 PPM by weight. HTCE may 

30 be cured under conditions typically used in the industry. For example, HTCE may be cured at temperatures of about 
120°F (49°C) to about 140°F (60°C) for times ranging from 3 days to 2 weeks. 

[0013] The propellant of the present invention also may include stabilizers, acoustic suppressants, burner rate mod- 
ifiers, and other additives. For example, propellants of the present invention may include up to about 0.5 weight % of 
one or more stabilizers, such as N-methyl-p-nitroanaline (NMNA), 2-nitro diphenylamine (NDPA), or other stabilizers 

35 known in the art, to extend their useful lives. Stabilizers may be particularly useful in propellants that contain nitrate 
ester plasticizers. The propellants also may include up to about 0.5 weight % of an acoustic suppressants such as sili- 
con carbide or zirconium carbide. Burn rate modifiers, such as carbon black and/or lead compounds including lead cit- 
rate, may be included in the propellant of the present invention in amounts up to about 0.2 weight %. Iron oxide can be 
used as a burning rate modifier in formulations without energetic nitrate ester plasticizers in amounts up to about 2 

40 weight %. 

[0014] By varying the formulation, burn rates for the propellant of the present invention may be tailored for numer- 
ous applications. Burning rates have been observed as low as 0.18 in/sec (0.46 cm/sec) and as high as 0.34 in/sec 
(0.86 cm/sec) at 1000 psi (6895 kPa) for formulations without any burning rate modifiers. Pressure exponents were 
between 0.3 and 0.4. The ranges of burning rates and pressure exponents may be expanded by using various additives 

45 and curing catalysts discussed above. It should be possible to formulate metaiized propellants with iron oxide burning 
rate catalyst that have burning rates as higlj.as 0.75 in/sec (1 .91 cm/sec) at 1 000 psi (6895 kPa). 
[0015] The mechanical properties of the HTCE binder, such as modulus, tensile strength, and elongation, also may 
be tailored for particular applications. For example, the modulus may be varied from about 300 psi (2068 kPa) to about 
700 psi (4826 kPa), the tensile strength may be varied from about 75 psi (517 kPa) to about 150 psi (1034 kPa), and 

so the elongation may be varied from about 30% to about 150% of the propellant of the present invention. One way to 
adjust the mechanical properties of the binder is to vary the isocyanate/hydroxyl (NCO/OH) equivalent ratio. For exam- 
ple, the NCO/OH equivalent ratio may be varied from about 0.95 to about 1.20. Another method is to add about 0.1 
weight % to about 2.0 weight % of a tri-functional or tetra-f unctional hydroxyl-terminated caprolactone to the formulation 
as a cross-linker in the propellant. The cross-linker promotes cross-linking within the HTCE co-polymer structure. Suit- 

55 able cross-linkers include tri-functional and tetra-f unctional hydroxy terminated caprolactones, such as CAPA® 310 and 
CAPA® 316 (available from Solvay Interox, Inc.). 

[0016] Once a specific formulation is chosen, the ingredients are mixed in an explosion proof mixing vessel accord- 
ing to industry practices to create an uncured propellant. The uncured propellant may be loaded into a rocket casing or 
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other container by known casting techniques and cured under suitable conditions. For example, the propellant of the 
present invention may be cured at temperatures of about 1 20°F (49°C) to about 1 40°F (60°C). It may take about 3 days 
to about 14 days to cure a batch of propellant of the present invention. Samples of the cured propellant may then be 
tested to confirm the properties. The final product would then be ready to deliver to the customer. 

5 [0017] Over time, quantities of propellant that require disposal may be accumulated as a result of off-specification 
mixing, excess production, natural degradation of the propellant, obsolescent propellant or missiles being removed 
from service, and similar events. In the past, such propellant was typically disposed of by open air incineration. Propel- 
lants of the present invention, however, may be disposed of by hydrolyzing the HTCE binders in the propellant. The 
ester linkage in the caprolactone in the HTCE binder provides the site for hydrolysis. The polyether linkage in the HTCE 

io binders increase the hydrophilicity of the cured binder toward aqueous acidic and/or basic solutions. Thus, the poly- 
ether linkage is more resistant to hydrolysis than the ester linkage. 

[001 8] To dispose of propellant of the present invention by hydrolysis, the propellant may be reduced in size to facil- 
itate handing and increase surface area for the reaction. While no particular size reduction is required, preferably the 
propellant will be reduced to pieces of no more than about 0.5 inch (1.3 cm) in any dimension. The propellant is then 

is mixed with a solution capable of hydrolyzing HTCE. For example, HTCE may be hydrolized in an acidic aqueous solu- 
tion of 6 N HCI (hydrochloric acid) or a basic aqueous solution of 12 N NaOH (sodium hydroxide). One skilled in the art 
will recognize that solutions with different compositions and concentrations would work as well. Preferable, the hydrol- 
ysis will be conducted at an elevated temperature, for example about 140°F (60°C), for a sufficient time to completely 
hydrolyze the HTCE. Agitation can speed the hydrolysis reaction. By selecting appropriate conditions, hydrolysis can 

20 be completed within about 24 hours. As a result of the hydrolysis reaction, the HTCE binder will decompose into water 
soluble, environmentally benign compounds such as hydrolyzed caprolactone, typically co-hydroxyl caproic acid, and 
poly(tetramethylene ether) that may be recycled. Solids that were in the propellant, for example the oxidizer and other 
solids, may be recovered and recycled for use in other propellants. Aluminum may be recovered as aluminum oxide. 
The ability to recover and reuse the solids, which may make up 85 weight % or more of the propellant, greatly reduces 

25 the environmental impact of disposing of propellants of the present invention. The residue of hydrolysis that cannot be 
recycled may be disposed of in a suitable landfill without any environmental harm. 

[0019] The following examples demonstrates the present invention without limiting the invention's broad scope. 
Example 1 

30 

[0020] To demonstrate the present invention, several propellants were formulated using a HTCE binder. The table 
shows the compositions, mechanical properties, and where available burning rate and pressure exponent data. 







Propellant A Metalized 


Propellant B Metalized 


Propellant C Reduced 
Smoke 




HTCE binder (MW = 2000) 


8.80 


4.21 


6.21 


40 


CAPA® 316 cross-linking agent 
Diocytal adipate (DOA) plasticizer 


0.18 
4.84 


1.05 


1.04 




n-butyl nitratoethyl nitramine 
(BuNENA) plasticizer 




15.54 


10.65 


45 


n-methyl nitroanaline (NMNA) sta- 
bilizer 




0.50 


0.50 




triphenyl bismuth (TPB) cure cata- 
lyst 


0.05 


0.05 


0.05 


50 


silicon carbine (SiC) acoustic sup- 
pressant 

carbon (C) black burning rate mod- 
ifier 






0.50 
0.20 


55 


dimeryl diisocyante (DDI) curing 
agent 


3.13 


2.50 


3.40 



4 




EP 1 069 095 A1 



Table (continued) 







Propellant A Metalized 


Propellant B Metalized 


Propellant C Reduced 
Smoke 


5 


ammonium perch lorate (AP) oxi- 
dizer 


63.00 


OO.UU 


77 or\ 




aluminum (Al) fuel 


20.00 


20.00 






modulus, psi (kPa) 


623 (4295) 


100 (689) 


383 (2641) 


10 


tensile strength, psi (kPa) 


92 (634) 


29 (200) 


45 (310) 




elongation, failure % 


65 


43 


20 




burning rate, in/sec O1000 psi 
(cm/sec @ 6895 kPa) 




0.28 (0.71) 


0.26 (0.66) 


15 


pressure exponent 




0.39 


0.36 



Example 2 



20 [0021] A 2.0-gram sample of cured HTCE gum stock was cut into small pieces of no more than 0.5 inch (1 .3 cm) in 
any dimension. The cut pieces were placed in a beaker containing 50-ml of 12 N NaOH aqueous solution. The solution 
was stirred with a magnetic stirrer and heated on a hot plate. The reaction temperature was kept at 60°C. At the end of 
reaction, about 24 hours, all solid gum stock dissolved and some oil droplet suspension was visible. These results indi- 
cate that the HTCE binder may be hydrolyzed as part of a method of disposing of a propellant of the present invention. 

25 [0022] The invention is not limited to the particular embodiments shown and described herein. Various changes 
and modifications may be made without departing from the spirit or scope of the claimed invention. 

Claims 

30 1 . A rocket motor propellant comprising a hydroxy-terminated caprolactone ether binder and an oxidizer. 

2. The propellant of claim 1 , wherein the hydroxy-terminated caprolactone ether is a linear block co-polymer of capro- 
lactone and tetramethylene ether. 

35 3. The propellant of claim 1 or claim 2, wherein the hydroxy-terminated caprolactone ether has a molecular weight of 
about 2000 to about 4200 units. 

4. The propellant of any one of claims 1 to 3, wherein the oxidizer comprises ammonium nitrate, ammonium dinitra- 
mide, cyclotrimethylene trinitramide, cyclotetramethylene tetranitramine or ammonium perchlorate. 

40 

5. The propellant of any one of claims 1 to 4, further comprising a plasticizer that comprises n-butyl nitratoethyl 
nitramine, trimethylol ethane trinitrate, trtethyleneglycol dinitrate, dioctyl adipate or isodecyl pelargonate. 

6. The propellant of any one of claims 1 to 5, further comprising an aluminum or boron metal fuel. 

45 

7. The propellant of any one of claims 1 \p 3, wherein the oxidizer comprises ammonium nitrate, ammonium dinitra- 
mide, cyclotrimethylene trinitramide, or cyclotetramethylene tetranitramine and further comprises a plasticizer that 
comprises n-butyl nitratoethyl nitramine, trimethylol ethane trinitrate, ortriethyleneglycol dinitrate, wherein the pro- 
pellant comprises about 4 weight % to about 10 weight % HTCE binder, about 45 weight % to about 75 weight % 

so oxidizer, and about 6 weight % to about 1 8 weight % plasticizer. 

8. The propellant of any one of claims 1 to 3, wherein the oxidizer comprises ammonium perchlorate and further com- 
prises a plasticizer that comprises n-butyl nitratoethyl nitramine, trimethylol ethane trinitrate, triethyleneglycol dini- 
trate, dioctyl adipate, or isodecyl pelargonate wherein the propellant comprises about 4 weight % to about 10 

55 weight % HTCE binder, about 65 weight % to about 86 weight % oxidizer, and about 5 weight % to about 1 2 weight 

% plasticizer. 

9. The propellant of any one of claims 1 to 3, wherein the oxidizer comprises ammonium perchlorate, ammonium 
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nitrate, ammonium dinitramtde, cydotrim ethylene trinitramide, or cyclotetramethylene tetranitramine and further 
comprises an aluminum or boron metal fuel and a plasticizer that comprises trimethylol ethane trinitrate, triethyl- 
eneglycol dinitrate, dioctyl adipate, or isodecyl peiargonate wherein the propellant comprises about 4 weight % to 
about 10 weight % HTCE binder, about 45 weight % to about 75 weight % oxidizer, about 15 weight % to about 24 
weight % metal fuel and about 5 weight % to about 12 weight % plasticizer. 

10. A method of disposing of a solid rocket propellant, comprising the steps of: 

(a) contacting a propellant that comprises a hydroxy-terminated caprolactone ether binder and at least one or 
more solid compounds dispersed in the binder with a solution capable of hydrotyzing the binder to form hydro- 
lyzed caprolactone and poly (tetram ethylene ether), and 

(b) removing solids remaining in the solution after the binder hydrolyzes. 

11. The method of claim 10, wherein the solids are recovered and recycled. 

12. The method of claim 10 or claim 11, wherein the hydrolyzed caprolactone and the poly(tetramethylene ether) 
binder ingredients are recovered and recycled. 

13. The method of any one of claims 10 to 12, wherein the propellant is as claimed in any one of claims 1 to 9. 
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